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In the previous papers of this series it was shown that trypan blue 
injected directly into an inflamed area was fixed in situ and failed to 
reach the tributary lymph nodes (1).  When this dye was introduced 
into the circulating blood stream it rapidly entered the inflamed area 
and was fixed there.  Subsequent studies showed that the rapid ac- 
cumulation of dye in an inflamed area is the result of increased capil- 
lary permeability (2).  These studies were then extended and it was 
found that  colloidal iron or ferric chloride injected directly into  an 
inflamed area was fixed in situ by the inflammatory process, and that 
ferric chloride injected intravenously rapidly entered inflamed cutan- 
eous areas, where its presence was identified by both qualitative and 
quantitative determinations (3). 
The earlier literature on the dissemination of  substances from the 
site of injection has been reviewed in previous publications (1 and 2). 
Opie  (4)  showed  that  foreign protein  injected into  the  skin  of  an 
actively immunized animal is fixed at the site of injection where the 
contact of antigen and antibody causes an acute inflammatory reaction 
(Arthus phenomenon).  In view of this work on immunized animals 
and of the results obtained with trypan blue and iron,  experiments 
were undertaken to determine whether a readily identified foreign pro- 
tein such as horse serum injected into an area of inflammation caused 
by either bacteria or a  sterile irritant would also be retained in situ 
by the inflammatory  reaction. 
* Fellow  in Medicine, National Research Council. 
201 202  STUDIES  ON  INFLAMMATION.  IV 
Penetration of Horse Serum into the Blood Stream after Its fnjection into 
the Inflamed Peritoneal Cavity 
Horse serum varying in quantity from 2 to 8 cc. was injected into the peritoneal 
cavity of normal rabbits and of rabbits that had previously been given art intra- 
peritoneal  injection  of an inflammatory irritant.  Sterile  inflammation  was in- 
duced by a mixture of 5 per cent of aleuronat and 3 per cent of starch in 0.5 per 
cent saline solution.  This mixture was injected into the peritoneal cavity 24 to 
48 hours prior to the injection of horse serum. 
Samples of blood were removed from the heart at varying intervals after the 
intraperitoneal injection of horse serum.  The blood was centrifugalized and the 
serum testedforhorse serum by anti-horse-serum obtained from rabbits repeatedly 
injected with this foreign protein.  The blood serum was diluted by the addition of 
2 cc. of saline to 1 cc. of serum.  Varying dilutions of blood serum in multiples of 
3 were then made from this initial dilution.  The final tests were performed by the 
addition to 0.7 cc. of saline of 0.1 cc. of the diluted blood serum and 0.2 cc. of anti- 
horse-serum. 
Tables  I,  II,  and  III  summarize  all the experiments  by giving the 
results  of tests  for presence  of horse  serum  in the  blood  at  varying 
intervals after intraperitoneal  injection of the foreign protein.  These 
tests serve as a rough measure of the concentration of the antigen in the 
blood serum.  A  few illustrative  experiments follow. 
Experiment 10.--Rabbit  17  was injected with 4  cc.  of horse serum when an 
inflammatory reaction had been in progress for about 48 hours.  Rabbit 8 served 
as control receiving 4 cc. of horse serum intraperitoneally.  The results of tests for 
presence of horse serum in the blood 2 hours after its injection appear in Table I. 
The results of tests 6 hours and 24 hours later are shown in Tables II and III 
respectively.  Following the introduction of horse serum into the inflamed peri- 
toneal cavity its concentration in the blood is conspicuously less after 2 and 6 
hours than that found after injection into the normal peritoneal cavity; but after 
24 hours the horse serum in the blood of both animals has the same concentration. 
In the following experiment samples of blood were removed from the 
heart  about  6  hours  after  injection  of horse  serum  into  the  normal 
and inflamed peritoneal cavity of rabbits. 
Experiment 13.--4 cc. of horse serum were injected into the peritoneal cavity of 
Rabbit 20.  Rabbit 23, in which peritonitis had been induced 24 hours previously, 
received the same amount of horse serum.  5½ hours later samples of blood were 
removed from the heart and tested for the presence of horse serum, as already 
described.  The results appear in Table II. °~ 
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From this experiment it is evident that 5 hours and 30 minutes after 
injection of horse serum into a peritoneal cavity that has been inflamed 
for 24 hours the penetration of the foreign protein into the blood stream 
is delayed. 
A  similar experiment in which the inflammatory process had  been 
going on for 48 hours before the injection of foreign protein follows. 
Experiment 15.--Rabbit  21  received 4  cc.  of horse serum intraperitoneally; 
5 hours later 3 cc. of blood were removed from the heart.  Rabbit 24 was injected 
with the same amount of horse serum 47 hours after receiving 10 cc. of the aleuronat 
suspension intraperitoneally.  5 hours after the injection of horse serum 3 cc. of 
blood were withdrawn from the heart.  Tests for the presence of horse serum in 
the blood of both of these rabbits yielded the results shown in Table II. 
It is clear that there has been a  definite retardation in the passage 
of the protein after its injection into an inflamed peritoneal cavity. 
Samples of blood withdrawn  from the heart  24 to  30 hours after 
injection  of horse  serum  into  both  normal and  inflamed  peritoneal 
cavities showed in most  instances  no appreciable  differences (Table 
m). 
Experimenl 4.--4 cc. of horse serum were injected into the peritoneal cavity of 
Rabbit 13, 24 hours after aleuronat had been injected into the cavity.  2 hours later 
this animal was bled from the heart.  Rabbit 4 which served as control received 
intraperitoneally 4 cc. of horse serum and was bled 2 hours later.  The results of 
this experiment appear in Table I.  It is seen that after injection of protein into the 
inflamed peritoneal cavity its concentration in the circulating blood is distinctly 
lower than after injection into the ncrmal cavity.  A second sample of blood was 
removed 25 hours after the injection of horse serum. 
The presence of horse serum in the blood stream 1 day after intra- 
peritoneal injection of the protein is recorded in Table nI.  Although 
there was delay in the penetration of horse serum into the blood stream 
2  and 6 hours after injection into an inflamed peritoneal cavity, the 
concentrations of horse serum in the blood of experimental and control 
animals are now equal. 
The Retention of Horse Serum at the Site of Inflammation 
In the above experiments it was  shown that when horse serum  is 
injected into an inflamed peritoneal cavity its passage into the blood 206  STUDIES  ON  IN]~LAMMATION.  IV 
stream  is  delayed  during  several  hours.  To  determine  whether  this 
delay is due to retention  of the  foreign  protein  in  the  inflamed  peri- 
toneal cavity a series of experiments was undertaken to measure directly 
changes in the quantity of horse serum at the site of inflammation. 
10 cc. of 5 per cent aleuronat and 3 per cent starch in 0.5 per cent saline were 
injected into the peritoneal cavity of rabbits.  24 to 48 hours later 2 to 4 cc. of 
horse serum were injected into the inflamed peritoneal cavity.  Each experiment 
was controlled by the injection of the same amount of horse serum into the peri- 
toneal cavity of a normal rabbit.  2 to 5 hours later i0 cc. of saline were injected 
into both normal and inflamed peritoneal cavities.  This was done in order to be 
certain of obtaining a sufficiently large sample of fluid for the  tests.  The  rab- 
bits were then immediately  bled  from the heart and the  abdomen was opened 
under  anesthesia with  ether.  The peritoneal fluid was tested for the presence 
of horse serum.  A typical experiment follows. 
Experiment  //.--Rabbit  9  received an injection of 2  cc. horse serum intra- 
peritoneally.  2½ hours later  10  cc.  of saline were injected into  the peritoneal 
cavity.  Immediately afterwards 4 cc. of blood were withdrawn from the heart. 
About 3 cc. of serous peritoneal fluid were obtained.  The same technique was 
followed in Rabbit 18, which had, however, received an intraperitoneal injection of 
I0 cc. of aleuronat suspension 47 hours before.  Tests for the presence of horse 
serum in the blood are given in Table I.  Tests for the presence of horse serum at 
the site of inflammation are shown in Table IV. 
Essentially the same results were obtained in the following experiment when 
the horse serum was injected 5 hours previous to the removal of the samples of 
blood and peritoneal fluid. 
Experiment 15.--4  cc. of horse serum were injected into the normal peritoneal 
cavity of Rabbit 21; 5 hours later 10 cc. of saline were injected into the cavity 
and immediately afterwards 3 cc. of blood were withdrawn from the heart.  About 
1 cc. of serous fluid was then obtained from the peritoneal cavity.  Rabbit 24 was 
given an injection of 10 cc. aleuronat suspension into the peritoneal cavity and 47 
hours later 4 cc. of horse serum.  5 hours later samples of peritoneal fluid and blood 
were obtained as described for Rabbit 21.  The tests for presence of horse serum 
at the site of inflammation are shown in Table IV, and in the blood stream in 
Table II. 
It is evident from these experiments that there is a greater retention 
of horse serum in situ when the foreign protein is injected into an in- 
flamed peritoneal cavity than when injected into a  normal one.  This 
observation is correlated with the delay in the penetration  of the pro- 
tein into the blood stream. 
It has been  seen  (1)  that  when the inflammatory reaction was in- VALY  MENKIN  207 
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duced in the peritoneal cavity of rabbits the fixation of trypan blue was 
less effective than when the subcutaneous tissue was the site of the 
experimental inflammation.  For  this  reason  horse  serum  was  in- 
jected into an inflamed area on the skin of the abdomen. 
About 0.2 cc. of a saline suspension of Staphylococcus aureus was injected intra- 
cutaneously.  24 hours later 0.15 co. of horse serum was injected directly into the 
inflamed area, which was removed 24 hours later, weighed and cut into small 
pieces.  These  were thoroughly ground in a mortar with a volume of saline equal 
to 10 times the weight of the dermal area.  The extract was centrifugalized at 
rapid speed for about 45 minutes.  In the control experiment 0.15 cc. of horse 
serum was injected into the normal skin of a rabbit and the tissues were extracted 
in saline 24 hours later.  The results of two such experiments are shown in Table 
IV. 
Retention of the foreign protein is evident 24 hours after its injec- 
tion into an area of cutaneous inflammation. 
These experiments show that like trypan blue and iron, complex 
foreign proteins such as are found in horse serum when injected into an 
inflamed area are retained in situ by the inflammatory reaction and 
penetrate less  rapidly into the  circulating blood stream than when 
injected into normal tissue.  Opie  (4,  5),  as  has been pointed out, 
showed that when foreign protein is first injected into the skin of a nor- 
mal animal it rapidly leaves the site of injection and enters the cir- 
culating blood.  In an animal that has been immunized reinjection 
with the foreign protein produces an intense inflammatory reaction 
with necrosis at the point of entry.  The foreign protein is fixed at the 
site of injection, and fails to enter the circulating blood.  The results 
that the writer has obtained are in agreement with these observations 
and show that an inflammatory  reaction (caused in Opie's experiments 
by the contact of antigen and antibody and in these experiments by a 
sterile irritant) arrests the protein at the point of entry. 
The Accumulation  of Horse Serum in Inflamed Cutaneous  Areas 
Having demonstrated that the penetration of horse serum into the 
blood stream is delayed at the site of inflammation the attempt was 
made to determine whether horse serum injected into the circulating 
blood stream would accumulate in inflamed areas to a greater extent co 
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than  in  normal  tissue,  as  had  been  observed with  trypan  blue  and 
ferric chloride. 
Areas of cutaneous inflammation were induced by the injection of about 0.2 
cc. of a saline suspension of Staphylococcus aureus into the skin of the abdomen of 
rabbits.  About 3 hours later 10 cc. of horse serum were injected intravenously. 
The animal was killed when the inflammation was of 5 to 6 hours duration.  The 
inflamed areas were removed and weighed.  They were then cut into thin strips 
and ground in a mortar with a volume of saline equal to twice the weight of the 
tissue.  In  earlier  experiments  the  extracts  were  obtained  by  grinding  with 
saline alone,  but in subsequent experiments by means of sand and saline.  As 
control areas, strips of normal skin from the abdomen of the same rabbit were 
removed and the foreign protein extracted by the same technique as with the 
inflamed areas.  The extracts were centrifugalized at rapid speed for 45 minutes. 
After the top layer of fat was carefully removed, 1 cc. of the extract was drawn off 
with a pipette into a test tube containing 2 cc. of saline.  Dilutions of the extract 
in multiples of 3 were then prepared from this first tube.  In the final test 0.1 cc. 
of diluted extract was added to 0.2 cc. of anti-horse-serum and the mixture made 
up to 1 cc. with saline.  The final dilutions were kept 1 hour in a water bath at 
38°C.  and then placed overnight on ice.  Readings were made on the foUowing 
morning.  The results of all the experiments are shown in Table V. 
In all the experiments there is consistently a  greater concentration 
of  the  foreign  protein  in  inflamed  than  in  normal  tissue.  These 
results  are  therefore  similar  to  those  obtained  with  trypan  blue 
and  with  ferric  chloride.  The  accumulation  of  foreign  protein  in 
inflamed tissue is doubtless in part the result of the increased passage 
of fluid from the  drculating blood stream, but observations recorded 
above indicate  that  its  escape  from  the  site  of  inflammation  is  re- 
tarded. 
Some years ago Auer (6)  showed that if the  ear of a  rabbit immun- 
ized with horse serum is painted with xylol,  reinjection of the antigen 
causes in the affected ear an intense inflammatory reaction folIowed by 
necrosis.  No  such  severe  reaction  was  seen  when  xylol  had  been 
applied to the ear of a  normal rabbit after a  single injection of horse 
serum.  In view of the observations on the  accumulation  of foreign 
protein  in  inflamed  areas it  is  highly  probable that  the  reaction  in 
Auer's experiment is simply the  result  of an  accumulation  from the 
circulating blood stream of antigen and antibody in the inflamed ear of 
sensitized animals; the contact of antigen and antibody in the tissues VALY  ~ENKIN  211 
causing an acute inflammatory reaction and intensifying thus the mild 
reaction caused by xylol alone. 
A  few years ago Opie (personal communication) repeated the experi- 
ments  of Auer with  crystalline egg albumin and  instead of applying 
xylol as an inflammatory irritant, he dipped the ear of the experimental 
animal  into  water  at  50°C.  for  5  minutes.  On  the  following  day 
crystalline egg albumin was injected into the peritoneal cavity of the 
animal.  Several days later necrosis of the inflamed ear was observed 
in many instances. 
Experiment 31.--Rabbit 30 received 5 injections of 1 cc. horse serum adminis- 
tered subcutaneously at 5 to 6 day intervals.  19 days after the last injection i0 
cc. of horse serum were injected into the peritoneal cavity.  1 hour later an ear of 
this animal was rubbed lightly for  a minute with a pledget of cotton soaked in 
xylol.  2 days later the ear showed only a very mild reaction.  It was then placed 
in water at 54°C. for 5 minutes.  It immediately flushed.  10 cc. of horse serum 
were then reinjected into the peritoneal cavity.  24 hours later the ear was very 
much congested and edematous, revealing a pronounced inflammatory ieaction. 
The animal was etherized and bled to death.  The inflamed and the normal ear 
were removed.  The weight of the inflamed ear was 13.5 gm. and of the normal ear 
5 grn.  Each ear was then cut into thin strips and ground separately in a mortar 
with a volume of saline equal to its own weight.  The extracts were then centri- 
fugalized at rapid speed for 40 minutes and the supernatant fluid tested for the 
presence of horse serum.  As control to this experiment, Rabbit 31, which had not 
been sensitized to the foreign protein, was treated in the same manner as Rabbit 
30.  The results of this experiment are shown in the following table: 
Dilutions of skin 
extract 
1:3 
1:9 
1:27 
1:81 
1:243 
1:729 
1:2187 
Immunized Rabbit 30 
Normal ear 
++ 
Trace 
0 
0 
0 
0 
0 
Inflamed ear 
+++ 
++ 
+ 
+ 
0 
0 
0 
Normal Rabbit 31 
Normal ear 
Trace 
Faint trace 
0 
0 
0 
0 
0 
Inflamed ear 
++ 
+ 
Faint trace 
0 
0 
0 
0 
When xylol alone was used as the inflammatory irritant, essentially the same 
results were obtained. 
Experiment 32.--Rabbit 32 received 5 injections of 1 cc. horse serum  adminis- 
tered subcutaneously at 3 to 5 day intervals.  5 days after the last injection 10 cc. 212  STUDIES  ON  INI~L~MM&TION.  IV 
of horse serum were injected into the peritoneal cavity.  1½ hours later the right 
ear was rubbed gently with 2 cc. of xylol for about 2 minutes.  The application of 
xylol was repeated twice in the next 2 hours  at 1-hour intervals.  24 hours later 
the ear was mikUy edematous and congested, with a few blisters. 
The animal was killed under ether and both ears were removed.  The weight 
of the inflamed ear was 3.7 gin. and of the normal ear 2.2 gm.  Each ear was cut 
into thin strips and ground separately in a mortar with a volume of saline equal to 
twice its own weight.  The extracts were then centrifugalized at rapid speed for 
1½ hours.  After being filtered, the supernatant fluid was tested for the presence 
of horse serum.  The samples containing the extract in a dilution of 1 to 3 were 
not read owing to slight cloudiness in the control tubes in which anti-horse-serum 
was absent.  As control to this experiment, Rabbit 33, which had not been sensi- 
tized to the foreign protein, was treated in the same manner as Rabbit 32.  The 
results of this experiment are shown in the following table: 
Immunized Rabbit 32  Normal Rabbit 33  Dilutions of skin 
extract 
Normal ear  Inflamed ear  Normal ear  Inflamed ear 
1:3 
1:9 
1:27 
1:81 
1:243 
1:729 
1:2187 
+ 
Faint trace 
0 
0 
0 
0 
++ 
+ 
Trace 
o 
o 
o 
+ 
+ 
o 
o 
o 
o 
o 
++ 
++ 
+ 
Faint trace 
0 
0 
0 
These  experiments  show  that  horse  serum  accumulates  from  the 
circulating blood in the inflamed ear in greater concentration than in 
the nm~mal ear.  The severe inflammatory reaction in the ears of the 
sensitized animals in the experiments of Auer, when the same antigen 
was reinjected, was doubtless due to the accumulation and contact in 
the  inflamed  tissues  of  antigen  and  antibody  from  the  circulating 
blood. 
It is possible that the phenomenon of focal reaction in tuberculosis 
can be explained by the observations reported in this paper.  When 
tuberculin  is introduced  into  the  blood  stream of an  animal with  a 
tuberculous  lesion, an intense inflammatory reaction may develop in 
the lesion.  The mechanism of this focal reaction in tuberculosis is not 
understood.  It is conceivable in view of the above experiments with 
horse serum that in a  like manner tuberculo-protein may accumulate VALY ~,ENKtN  213 
from the blood stream in the inflamed tuberculous lesion and by.its 
presence there induce a local inflammatory reaction. 
CONCLUSIONS 
Foreign protein such as horse serum injected into an inflamed peri- 
toneal cavity penetrates into the blood stream less rapidly than when 
introduced into the normal cavity. 
Foreign protein injected into a cutaneous inflammatory area is held 
in situ  for a longer period than when injected into an inflamed peri- 
toneal cavity. 
Foreign protein introduced into the circulating blood stream accum- 
ulates in an inflamed area, where it is found in greater concentration 
than in normal tissue. 
Accumulation of foreign protein at the site of inflammation explains 
the phenomenon of local  anaphylaxis  described by Auer in  rabbits 
sensitized to horse serum.  The antigen accumulating in the inflamed 
ear reacts with antibody, intensifies a pre-existing inflammatory reac- 
tion and produces necrosis of the ear. 
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